The concerns over safety and environmental impact of synthetic pesticides such as chlorpropham (CIPC) has stimulated interest in finding environmentally benign, natural sprout suppressants, including essential oils. The effects of Chenopodium ambrosioides and Lippia multiflora essential oils on sprout growth and decay of stored potatoes has been investigated. Formulations of essential oils with alumina, bentonite, or kaolin, both with and without Triton X-100 additive, were tested. These formulations have been compared to the pulverized plant materials themselves as well as wick-volatilized essential oils.
The storage of potato (Solanum tuberosum L.) is a major problem in Nigeria, where they are normally stored at temperatures which range from 20 to 25 o C. During storage, losses from sprouting and diseases are very high and depend on the length of the storage period. In order to avoid early potato sprouting during the storage period, the dormancy period has to be extended artificially. Commercial growers of potatoes have the option to use synthetic chemicals such as chlorpropham (CIPC), maleic hydrazide (MH) and tecnazene (TCNB) to control sprout growth during storage [1] but these options are not available to small scale growers. Additionally, health authorities are rather reluctant to accept chemical residues in food because of adverse effects on humans and the environment [2] .
With the growing demand for products derived from natural sources, the necessity has arisen to examine natural inhibition materials present in the volatile oils of some aromatic plants as well as to determine the application possibilities. The use of aromatic plants could be an effective and safe way to prolong the storage life of potato tubers, at the same time protecting them from certain microbial attacks [3] . A number of essential oils have been identified to control sprouting and diseases in stored potatoes [2c,4] . These sprout suppressants were more rapidly degraded into the environment [5] than synthetic chemicals and were shown to be more effective at low temperatures.
However, the major inconvenience of the use of these oils, and of essential oils in general, is their chemical instability and volatility in the presence of air, light, moisture, and high temperatures that can result in rapid evaporation and degradation of some active components [5] . It is desirable, therefore, to control the release of these formulations such that after one initial application, a slow evaporation of active chemical can occur early in the storage and continue throughout the required duration. The present study was undertaken to evaluate the effect of carrier and surfactant type on potato sprout suppression by Chenopodium ambrosioides L. and Lippia multiflora Moldenke essential oils at 20 to 25 o C. The addition of Triton X-100 as an additive to reduce the rate of evaporation of essential oils in formulations with the carriers was also examined. The compositions of the isolated volatile oils have been determined and previously reported [6] . Quantitatively, the oil of C. ambrosioides was characterized by a high percentage of monoterpene hydrocarbons: mainly αterpinene (63.1%) and p-cymene (26.4%). Less abundant compounds identified in the oil were ascaridole (3.9%), isoascaridole (3.6%), 1,8-cineole (1.3%), γ-terpinene (0.5%), and trans-verbenyl acetate (0.5%). L. multiflora essential oil was mainly composed of 1,8-cineole (60.5%), sabinene (16.9%), α-terpineol (14.1%) and α-pinene (4.4%).
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A significant (P ≤ 0.05) interaction between sprout length and storage duration was observed for mean sprout lengths in both 4 and 10 weeks. Sprout length of tubers of all potato treated with inhibitors were smaller than those of untreated (Tables 1 and 2 ). The dormancy period ends with the beginning of potato sprouting. Formulation with filter paper as carrier has the highest sprout length followed by formulation with kaolin as a carrier with or without additive (Triton X-100). Potato tubers treated with pulverized material had started to sprout. Experiment with potato tubers stored for 4 weeks shows that sprout suppression by kaolin as a carrier with or without additive (Triton X-100) is higher than that for bentonite, alumina or wick formulation. In general, all the formulations stopped tuber sprouting temporarily, therefore, C. ambrosioides and L. multiflora essential oils might also be used for seed potatoes storage.
After 4 weeks, the mean (%) sprouted tubers of the untreated potato tubers were the greatest followed by formulation with filter paper, followed with bentonite with or without Triton X-100. Formulation with kaolin, alumina with Triton X-100 produced the lowest mean (%) sprouted tubers.
The mean % rotten tubers for the control was highest compared to the treated tubers. However, after 4 weeks, mean % rotten tubers for the formulations were the same. At 10 weeks, the control still had the highest followed by oil with kaolin. Wick formulation, pulverized plant and alumina formulation did not produce any significant differences.
A significant difference (P ≤ 0.05) between the mean mass of sprouts per tuber of the control and the treated was observed (Tables 2 and 4 ). An increased in storage duration caused an increase in mass per tuber.
Although previous studies have shown that (S)-carvone, present in caraway and dill essential oils, reduces the development of rots, it was shown, however, that potato tubers treated with phytogenous inhibitors rotted slightly more [3c,4b,4c ]. It has been suggested that rotting was stimulated by the drop-sprayed 1% water solution of essential oil used for treatment. According to other researchers [4a] , many plant extracts exhibit antimicrobial action, but that their aqueous extracts are usually not efficient.
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Use of essential oils to reduce sprouting and rot of potato seed tubers, thus maintaining quality has been previously reported [1b,4c] . In this present study, storage of tubers using formulations of essential oils is shown to artificially extend the dormancy period. In summary, the use of essential oils as inhibitors significantly suppressed potato sprouting and reduced natural weight losses. In addition, the formulations presented herein avoid aqueous applications that may enhance potato decay [7] . L. multiflora formulations enhanced sprouting inhibition compared to C. ambrosioides.
Experimental
Essential Oils: Dried samples of C. ambrosioides (450 g) and L. multiflora (400 g) were pulverized into a coarse powder and hydrodistilled for 3-4 hrs in a Clevenger apparatus in the chemistry laboratory of Lagos State University, Ojo, Nigeria. The processes yielded on the average 0.16% C. ambrosioides and 0.63% L. multiflora, respectively. The distillates were collected into glass vials and stored in the refrigerator until ready for use.
Potatoes:
The potato tubers used were purchased from local market Mile 12, Lagos State, during the late planting season (October of 2008). The potatoes were just beginning to break dormancy at the start of the trial. Small quantities of 8-12 disease-free uniform sized tubers (average of 65 g per tuber) were held in 100 × 70 × 60 mm loosely covered cardboard boxes.
Preparation of Formulated Essential Oils: 6 g each of alumina, bentonite and kaolin, which serve as carriers, were separately weighed into wide-necked jars with lids. With the use of micropipette, 0.5 mL of acetone solution containing 0.3 mL of essential oil was added to each jar. The contents of the jar were mixed and then exposed to the air for a few minutes for the solvent to evaporate. Triton X-100 (t-octylphenoxypolyethoxyethanol) (0.75 g) was added and the contents of the jar were mixed for about one hour. Formulations without Triton X-100 additive were also prepared.
Preparation of Wick Formulation Essential Oils:
Wick formulation of the essential oils, were prepared, using samples containing 0.3 mL of the essential oil, placed in a glass vial, covered with a lid bored at the centre with a wick (length 10 cm; thickness 0.3 cm).
Application and Assessment of the Formulations for Sprout Suppression: Three strategies were used to apply the formulations:
(1) The formulations were dusted evenly over 8 potatoes in 100 mm × 70 mm × 60 mm cardboard boxes and loosely covered to allow free gaseous exchange between the stored tubers and the atmosphere during respiration.
(2) The pulverized plant materials were sprinkled over the tubers.
(3) The wick formulation was held over 8 potatoes stored in cardboard boxes (100 mm × 70 mm × 60 mm) and loosely covered to allow free gas exchange with the respiring tubers.
The boxes were kept in ventilated room at 24±1 o C and 70±5% (r.h.). Two replicate boxes per treatment were prepared. Assessment of tuber after 4 and 10 weeks, respectively, for longest sprout length, number of sprouted tubers (%) and tuber rotting (%) were determined. The mass of sprout per unit mass of tuber after 10 weeks was also recorded. Each formulation was assessed for controlled release properties.
Statistical Analysis of Data: Data analysis was performed with the SPSS 12.0 software package Microsoft Excel, Version 2003. Results are expressed as mean ± standard deviation for the sprout length. Statistically significant difference was determined using the Student t test and analysis of variance (ANOVA) with P = 0.05 as a minimal level of significance.
